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(57) ABSTRACT

Disclosed is an environmentally-friendly sheet using a PLA
resin. The environmentally-friendly sheet using the PLA
resin according to the present invention comprises: a back
layer; a printed layer which is formed on the upper part of the
back layer, wherein a printing pattern is formed on the upper
surface thereof; and a transparent layer formed on the upper
part of the printed layer, wherein one or more of the back
layer, the printed layer, and the transparent layer have a PLA
(polylactic acid) resin.

7 Claims, 1 Drawing Sheet
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ENVIRONMENTALLY-FRIENDLY SHEET
USING PLA RESIN

TECHNICAL FIELD

The present invention relates to multilayer sheets, and
more particularly, to an environmentally friendly sheet
including at least one layer formed of a biodegradable resin,
which is modified through thermally initiated cross-linking
reaction, allows easy processing, exhibits excellent mechani-
cal properties after processing, and includes a PLLA resin.

BACKGROUND ART

Sheets using petroleum resins such as polyvinyl chloride
(PVC) are widely used in various building structures such as
houses, mansions, apartments, offices, stores, and the like.

Such sheets are produced by extrusion or calendering of
resins such as polyvinyl chloride (PVC). Raw materials for
these sheets are exclusively derived from limited resources
such as crude oil. It is thus anticipated that depletion of
petroleum resources will lead to various problems related to
the supply of raw materials.

As interest in environmental issues is recently growing in
importance, polyvinyl chloride (PVC) sheets are problematic
in that they are likely to emit harmful substances and create an
environmental burden when discarded.

To solve such problems, a polylactic acid (PLA) resin
extracted and synthesized from plant resources has attracted
attention as a material capable of replacing petroleum based
resins in recent years.

Environmentally friendly sheets using such a PLA resin are
disclosed in prior documents including Korean Patent Laid-
open Publication No. 10-2008-0067424.

However, a PLA resin-based sheet has a drawback in that
the sheet clings to a processing apparatus upon thermal lami-
nation, or is not easily stacked in multiple layers due to lack of
viscoelasticity upon processing at high temperature, as com-
pared with sheets prepared from an existing PVC resin.

DISCLOSURE
Technical Problem

An aspect of the present invention is to provide an envi-
ronmentally friendly sheet, which includes at least one layer
formed of a biodegradable resin including a PLA resin, allows
easy thermal lamination due to improved melt strength
through modification of the biodegradable resin through ther-
mally initiated cross-linking reaction, as compared with a
biodegradable resin including an existing PLA resin, and
exhibits excellent mechanical properties after processing.

Technical Solution

In accordance with an aspect of the present invention, an
environmentally friendly sheet includes at least one layer,
wherein the at least one layer includes a biodegradable resin
including: a PLA resin; a thermal initiator; and a cross-link-
ing monomer, and being modified through thermally initiated
cross-linking reaction.

Advantageous Effects
According to the invention, since the biodegradable resin

including a PL A resin is modified through thermally initiated
cross-linking reaction, the environmentally friendly sheet
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using the PLA resin exhibits increased melt strength due to
cross-linking between molecular chains, allows easy thermal
processing, and has improved physical properties in terms of
tensile strength, elongation, and the like after processing.

In addition, since the environmentally friendly sheet uses a
plant resource-based PLA resin instead of a petroleum-based
PVC resin, which is generally used as a binder, the environ-
mentally friendly sheet can solve the problem of securing raw
materials due to depletion of petroleum resources.

Further, the environmentally friendly sheet using a PLA
resin is environmentally friendly in that the sheet discharges
less toxic substances, such as CO, and the like, and allows
easy disposal.

DESCRIPTION OF DRAWINGS

FIGS. 1 and 2 show environmentally friendly sheets using
a PLA resin according to embodiments of the present inven-
tion.

BEST MODE

The above and other aspects, features, and advantages of
the present invention will become apparent from the detailed
description of the following embodiments in conjunction
with the accompanying drawings. However, it should be
understood that the present invention is not limited to the
following embodiments and may be embodied in different
ways, and that the embodiments are provided for complete
disclosure and thorough understanding of the invention by
those skilled in the art. The scope of the invention should be
limited only by the accompanying claims and equivalents
thereof. Like components will be denoted by like reference
numerals throughout the specification.

Hereinafter, an environmentally friendly sheetusinga PLA
resin according to embodiments of the present invention will
be described in detail with reference to the accompanying
drawings.

FIGS. 1 and 2 are sectional views of environmentally
friendly sheets using a PLA resin according to embodiments
of the present invention.

Referring to FIG. 1, an environmentally friendly sheet
according to one embodiment of the invention includes a back
layer 110, a printed layer 120, and a transparent layer 130.
Here, in the sheet according to this embodiment, at least one
layer among the back layer 110, the printed layer 120 and the
transparent layer 130 includes a biodegradable resin, which
includes a polylactic acid (PLA) resin and is modified
through thermally initiated cross-linking reaction.

FIG. 2 is a sectional view of an environmentally friendly
sheet using a PLA resin according to another embodiment of
the present invention.

Referring to FIG. 2, an environmentally friendly sheet
according to this embodiment includes a back layer 110, a
printed layer 120, a transparent layer 130, a surface-treated
layer 140, and a glass fiber-impregnated layer 150. Here, in
the sheet according to this embodiment, at least one layer
among the back layer 110, the printed layer 120, the trans-
parent layer 130, the surface-treated layer 140 and the glass
fiber-impregnated layer 150 includes a biodegradable resin,
which includes a polylactic acid (PLA) resin and is modified
through thermally initiated cross-linking reaction.

According to one embodiment of the present invention, an
environmental friendly sheet includes at least one layer,
wherein the at least one layer includes a biodegradable resin
including: a PLA resin; a thermal initiator; and a cross-link-
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ing monomer. Here, the biodegradable resin is modified
through thermally initiated cross-linking reaction.

According to the present invention, the PLLA resin is a main
component of the biodegradable resin and includes a thermo-
plastic polyester of lactide or lactic acid. For example, the
PLA resin may be prepared by polymerization of lactic acid,
which can be obtained by fermentation of starch extracted
from corn, potato, and the like. Since corn, potato and the like
are renewable plant resources, the PLA resin obtained from
such resources can effectively deal with problems due to
depletion of petroleum resources.

In addition, the PLA resin is an environmentally friendly
material in that it discharges remarkably less toxic substances
to the environment, e.g. CO,, in use or disposal than petro-
leum-based materials, e.g. polyvinyl chloride (PVC), and
thus has eco-friendly characteristics of ready biodegradation.

The PLA resins may be classified into crystalline PLA
(c-PLA) resins and amorphous PLA (a-PLA) resins. Here,
since a sheet using a crystalline PLA resin can suffer from
bleeding, a phenomenon in which a plasticizer flows out of'a
surface of the sheet, it is desirable that the amorphous PLA
resin be used. When the amorphous PLA resin is used, there
is a merit in that a compatibilizer, which is necessarily added
for prevention of bleeding, can be omitted. When the amor-
phous PLA resin is used, it is desirable that the amorphous
PLA resin be used as the PLA resin at 100%. In addition, a
PLA resin including both crystalline and amorphous PLA
resins may also be used, as needed.

According to the present invention, the biodegradable resin
includes the thermal initiator in order to generate cross-link-
ing reaction by heat.

The thermal initiator may be a radical initiator which is
degraded by heat generated during a process, such as lami-
nation and the like, and forms radicals.

According to the invention, the thermal initiator may
include an azo-based compound or a peroxide-based com-
pound.

Specifically, examples of the azo-based compound may
include  2,2'-azobis(2-methylbutyronitrile),  2,2'-azobis
(isobutyronitrile),  2,2'-azobis(2,4-dimethylvaleronitrile),
and 2,2'-azobis(4-methoxy-2,4-dimethylvaleronitrile), with-
out being limited thereto. In addition, examples of the perox-
ide compound may include tetramethylbutyl peroxyneode-
canoate (e.g. Perocta ND, NOF Co., Ltd.), bis(4-
butylcyclohexyl) peroxydicarbonate (e.g. Peroyl TCP, NOF
CO., LTD.), di(2-ethylhexyl) peroxycarbonate, butyl peroxy-
neodecanoate (e.g. Perbutyl ND, NOF CO., LTD.), dipropyl
peroxydicarbonate (e.g. Peroyl NPP, NOF CO., LTD.), diiso-
propyl peroxydicarbonate (e.g. Peroyl IPP, NOF CO., LTD.),
diethoxyethyl peroxydicarbonate (e.g. Peroyl EEP, NOF
CO., LTD.), diethoxyhexyl peroxydicarbonate (e.g. Peroyl
OEP, NOF CO., LTD.), hexyl peroxydicarbonate (e.g. Per-
hexyl ND, NOF CO., LTD.), dimethoxybutyl peroxydicar-
bonate (e.g. Peroyl MBP, NOF CO., LTD.), bis(3-methoxy-
3-methoxybutyl) peroxydicarbonate (e.g. Peroyl SOP, NOF
CO., LTD.), dibutyl peroxydicarbonate, dicetyl peroxydicar-
bonate, dimyristyl peroxydicarbonate, 1,1,3,3-tetramethyl-
butyl peroxypivalate, hexyl peroxypivalate (e.g. Perhexyl PV,
NOF CO., LTD.), butyl peroxypivalate (e.g. Perbutyl, NOF
CO., LTD.), trimethyl hexanoyl peroxide (e.g. Peroyl 355,
NOF CO., LTD.), dimethyl hydroxybutyl peroxyneode-
canoate (e.g. Luperox 610M75, Atofina Co., Ltd.), amyl per-
oxyneodecanoate (e.g. Luperox546M75, Atofina Co., [.td.),
butyl peroxyneodecanoate (e.g. Luperox 10M75, Atofina
Co., Ltd.), t-butyl peroxyneoheptanoate, amyl peroxypivalate
(e.g. Luperox 546M75, Atofina Co., Ltd.), t-butyl peroxypiv-
alate, t-amyl peroxy-2-ethylhexanoate, lauryl peroxide,
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dilauroyl peroxide, didecanoyl peroxide, benzoyl peroxide,
and dibenzoyl peroxide, without being limited thereto.

The thermal initiator may be present in an amount of 0.1
parts by weight to 10 parts by weight based on 100 parts by
weight of the PLA resin. If the amount of the thermal initiator
is less than 0.1 parts by weight, it is difficult to provide
sufficient radical reaction, and if the amount of the thermal
initiator is greater than 10 parts by weight, the environmen-
tally friendly sheet can have deteriorated properties due to
deterioration of the PLA resin by the unreacted initiator.

According to the invention, the biodegradable resin
includes a monomer serving as a bridge formed between
molecular chains of the PLA resin by cross-linking reaction.

The monomer may allow a polymer polymerized there-
from to exhibit excellent properties in terms of melt strength,
transparency, UV stability, water resistance, solvent resis-
tance and the like, and may be easily polymerized by heat.
Specifically, the monomer may include at least one selected
from among monofunctional or polyfunctional group-con-
taining acrylate and methacrylate monomers.

The monomer may be present in an amount of 0.1 parts by
weight to 10 parts by weight based on 100 parts by weight of
the PLA resin. If the amount of the monomer is less than 0.1
parts by weight, there is a problem of insufficient improve-
ment in properties such as melt strength and the like, and if the
amount of the monomer is greater than 10 parts by weight, the
environmentally friendly sheet including layers can be dete-
riorate in overall properties due to problems, such as insuffi-
cient compatibility between the monomer and other materials
included in the layers, and the like.

Since the environmentally friendly sheet has a stacked
structure, the biodegradable resin including the PL A resin is
prepared in the form of a sheet or film, and calendering or
extrusion is used to prepare the biodegradable resin in the
form of a sheet or film. To this end, the biodegradable resin
according to the present invention may further include a plas-
ticizer.

The plasticizer may be a non-phthalate plasticizer which is
environmentally friendly. The plasticizer increases thermo-
plasticity of the PL A resin by softening the PLA resin, and
thus allows the PLA resin to be easily molded at high tem-
perature. The non-phthalate plasticizer may include at least
one selected from among acetyl tributyl citrate (ATBC), and
tributyl citrate (TBC).

The non-phthalate plasticizer may be present in an amount
of'5 parts by weight to 100 parts by weight based on 100 parts
by weight of the PL A resin. If the amount of the plasticizer is
less than 5 parts by weight, the sheet can be deteriorated in
processability due to high hardness of the PLA resin, and if
the amount of the plasticizer is greater than 100 parts by
weight, despite improved plasticity and flexibility, the sheet
can suffers from bleeding, which means that the plasticizer
flows out of a surface of the sheet, due to use of excess
plasticizer.

In addition, the biodegradable resin according to the inven-
tion may further include a lubricant, calcium carbonate
(CaCQ,) as inorganic fillers for reinforcement, titanium diox-
ide (Ti0O,) as a white pigment for aesthetics, and the like. The
lubricant prevents the biodegradable resin from sticking to a
calender roll or a press during processing of the resin, such as
calendering, extrusion, and the like. Although various types
of lubricants can also be used, the lubricant may include
environmentally friendly higher fatty acids. For example, the
lubricant may include stearic acid, which is a C, 4 saturated
higher fatty acid.

The lubricant may be present in an amount of 0.1 parts by
weight to 10 parts by weight based on 100 parts by weight of
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the PLA resin. If the amount of the lubricant is less than 0.1
parts by weight, the PLA resin does not provide effects
obtained by use of the lubricant, and if the amount of the
lubricant is greater than 10 parts by weight, the PLLA resin can
be deteriorated in impact resistance, heat resistance, gloss,
and the like.

Calcium carbonate may be present in an amount of 5 parts
by weight to 1,000 parts by weight based on 100 parts by
weight of the PLA resin.

In addition, titanium dioxide may be present in an amount
0f0.5 parts by weight to 50 parts by weight based on 100 parts
by weight of the PLA resin.

If the amount of calcium carbonate or titanium dioxide
exceeds the above range, the environmentally friendly sheet
can be deteriorated in processability due to deterioration of
bonding strength to other components.

Hereinafter, the back layer 110, the printed layer 120, the
transparent layer 130, the surface-treated layer 140, and the
glass fiber-impregnated layer 150 will be described in detail.

According to the invention, the back layer 110 is the most
basic layer of the sheet, and serves to support the printed layer
120 and the transparent layer 130 on an upper side thereofand
to absorb shock applied to an upper or lower side of the sheet.

The back layer 110 may have a thickness from 1.0 mm to
5.0 mm. If the thickness of the back layer 110 is less than 1.0
mm, the back layer cannot properly provide such functions,
and if the thickness of the back layer 110 is greater than 5.0
mm, manufacturing costs of the sheet are increased due to use
of large amounts of the PLLA resin and the like.

As described above, the back layer 110 includes the bio-
degradable resin, which includes the PL A resin, the thermal
initiator and the monomer, and is modified by thermally ini-
tiated cross-linking reaction during processing. Here, the bio-
degradable resin may further include a lubricant, calcium
carbonate, titanium dioxide, and the like. These may be used
alone or in combination thereof.

According to the invention, the printed layer 120 formed on
an upper side of the back layer 110 includes a pattern formed
on an upper surface thereof by various methods such as trans-
fer printing, gravure printing, screen printing, offset printing,
rotary or flexo-printing, inkjet printing, and the like, and thus
serves to impart aesthetics to the sheet.

The printed layer 120 may have a thickness from 0.01 mm
to 0.3 mm. If'the thickness of the printed layer 120 is less than
0.01 mm, pattern printing can be difficult, and if the thickness
of'the printed layer 120 is greater than 0.3 mm, manufacturing
costs of the sheet are increased.

As described above, the printed layer 120 includes the
biodegradable resin, which includes the PLA resin, the ther-
mal initiator and the monomer, and is modified by thermally
initiated cross-linking reaction during processing. Here, the
biodegradable resin may further include a lubricant, calcium
carbonate, titanium dioxide, and the like. These may be used
alone or in combination thereof.

According to the invention, the transparent layer 130
formed on an upper side of the printed layer 120 serves to
impart bulkiness to the sheet, and to protect the pattern
formed on the upper surface of the printed layer 120.

The transparent layer 130 may have a thickness from 0.10
mm to 1.0 mm. If the thickness of the transparent layer 130 is
less than 0.10 mm, the transparent layer 130 cannot effec-
tively protect the pattern formed on the printed layer 120 and
the sheet can be deteriorated in bulkiness, and if the thickness
of' the transparent layer 130 is greater than 1.0 mm, manufac-
turing costs of the sheet can be increased without further
improvement of the effects.
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As described above, the transparent layer 130 includes the
biodegradable resin, which includes the PLA resin, the ther-
mal initiator and the monomer, and is modified by thermally
initiated cross-linking reaction during processing. Here, the
biodegradable resin may further include a lubricant, calcium
carbonate, titanium dioxide, and the like. These may be used
alone or in combination thereof.

According to the invention, the surface-treated layer 140 is
formed on the transparent layer 130 for improvement of sur-
face quality ofthe sheet, such as scratch resistance or abrasion
resistance, easy cleaning through improvement of anti-foul-
ing properties, and the like.

The surface-treated layer 140 may have a thickness from
0.01 mm to 0.1 mm. If the thickness of the surface-treated
layer 140 is less than 0.01 mm, it is difficult to achieve
improvement in properties of the sheet, such as scratch resis-
tance and the like, and if the thickness of the surface-treated
layer 140 is greater than 0.10 mm, an excess of manufacturing
costs is required for formation of the surface-treated layer,
and the sheet can be deteriorated in external appearance.

As described above, the surface-treated layer 140 includes
the biodegradable resin, which includes the PLA resin, the
thermal initiator and the monomer, and is modified by ther-
mally initiated cross-linking reaction during processing.
Here, the biodegradable resin may further include a lubricant,
and the like.

According to the invention, the glass fiber-impregnated
layer 150 serves to protect a backside opposing a surface of
the sheet and to absorb shock applied to an upper or lower side
of the sheet.

The glass fiber-impregnated layer 150 may have a thick-
ness from 1.0 mm to 5.0 mm. If the thickness of the glass
fiber-impregnated layer 150 is less than 1.0 mm, the glass
fiber-impregnated layer 150 cannot properly perform the
above functions, and if the thickness of the glass fiber-im-
pregnated layer 150 is greater than 5.0 mm, manufacturing
costs are increased due to use of excess PLA resin and the
like.

The glass fiber-impregnated layer 150 includes glass fibers
and a binder resin. Here, the binder resin includes the biode-
gradable resin, which includes the PLA resin, the thermal
initiator and the monomer, and is modified by thermally ini-
tiated cross-linking reaction during processing.

According to the invention, the environmentally friendly
sheet may be prepared by any method without limitation. For
example, the environmentally friendly sheet may be prepared
by mixing and kneading raw materials of the biodegradable
resin including the PLA resin, followed by calendering the
mixture into a desired sheet shape.

Here, when the thermal initiator included in the biodegrad-
able resin according to the invention degrades into radicals
using processing heat during kneading of the raw materials,
cross-linking reaction between the PLA resin and the mono-
mer is started.

Mixing and kneading of the raw materials in a liquid or
powder state may be performed using, for example, a super
mixer, extruder, kneader, 2-roll or 3-roll machine, and the
like. In addition, for more efficient mixing and kneading of
the raw materials, mixing and kneading may be repeatedly
performed through multiple stages by kneading the raw mate-
rials at about 120° C. to about 200° C. using a Banbury mixer,
followed by primary and secondary mixing of the kneaded
raw materials at about 120° C. to about 200° C. using a 2-roll
machine or the like.

In addition, there is no particular restriction as to a method
of manufacturing each layer of the sheet such as the back
layer and the like, which includes subjecting the mixed com-



US 9,321,885 B2

7

ponents to calendering. For example, each layer may be
formed using a general device, for example, a 4-roll inverted
L-type calender, and the like.

Further, calendering conditions may be suitably adjusted in
consideration of compositions of a used resin composition.
For example, calendering may be carried out at a temperature
ranging from about 120° C. to about 200° C.

Preparation of Sheet According to Example and
Comparative Example

Hereinafter, the present invention will be explained inmore
detail with reference to some examples. It should be under-
stood that these examples are provided for illustration only
and are not to be in any way construed as limiting the present
invention.

Descriptions of details apparent to those skilled in the art
will be omitted.

Example

100 parts by weight of a PLA resin, 25 parts by weight of
ATBC, 10 parts by weight of an acrylate monomer, 1 part by
weight of dialkyl peroxide, and 5 parts by weight of stearic
acid were kneaded at 150° C. in a Banbury mixer, thereby
performing sufficient cross-linking reaction by thermal ini-
tiation.

The raw materials kneaded in the Banbury mixer were
subjected to primary and secondary mixing using a 2-roll
machine at 140° C.

The mixed raw materials were subjected to calendering at
130° C., thereby preparing 0.4 mm thick sheet samples for
flooring materials. Next, the sheet samples were stacked.

Here, the sheet samples were stacked using a heating drum,
which uses a heated steam heat source, and an embossing
machine. Generally, thermal lamination was performed under
conditions of the heating drum having a surface temperature
from 120° C. to 150° C. as in a stacking process of a PVC
sheet, thereby providing a stacked structure.

Comparative Example
Sheet samples were prepared in the same manner as in
Example except that dialkyl peroxide was not added. Next,

the sheet samples were stacked.

Evaluation
The stacked sheet samples prepared in Example and Com-
parative Example were evaluated as to stacking processabil-

ity and tensile strength. Results are shown in Table 1.

TABLE 1

Example Comparative Example

Stacking
processability

Stacking was easily
performed under
conditions of heating
drum having a surface
temperature of

120° C.to 150° C.
90.3 kgf/em?

Stacking processability was
extremely poor due to
sticking of the sheet sample
to a surface of the heating
drum.

Tensile strength
(KS M3802)

65.4 kgf/em?
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As shown in Table 1, it could be seen that the sheet accord-
ing to the present invention was easily stacked even at a
relatively high temperature and exhibited excellent strength
after processing since the sheet was prepared using a biode-
gradable resin modified through thermally initiated cross-
linking reaction.

Although some embodiments have been disclosed herein,
it should be understood by those skilled in the art that these
embodiments are provided by way of illustration only, and
that various modifications, changes, and alterations can be
made without departing from the spirit and scope of the
invention. The scope of the invention should be limited only
by the accompanying claims and equivalents thereof.

The invention claimed is:

1. A sheet comprising at least one layer,

wherein the sheet has a stacked structure, including:

a surface-treated layer having a thickness ranging from
0.01 mm to 0.1 mm,

atransparent layer having a thickness ranging from 0.10
mm to 1.0 mm,

aprinted layer having a thickness ranging from 0.01 mm
to 0.3 mm,

a glass fiber-impregnated layer having a thickness rang-
ing from 1.0 mm to 5.0 mm, and

a back layer having a thickness ranging from 1.0 mm to
5.0 mm, in sequence;

wherein the at least one layer comprises a biodegradable
resin made from a thermally initiated crosslinking reac-
tion of a composition comprising:
a polylactic acid (PLA) resin;
a thermal initiator chosen from azo-compounds; and
a cross-linking monomer;
wherein the transparent layer and the printed layer and the
back layer include calcium carbonate in an amount rang-
ing from 5 to 1,000 parts by weight and titanium dioxide
in an amount ranging from 0.5 to 50 parts by weight
based on 100 parts by weight of the PLA resin; and

wherein the printed layer formed on an upper side of the
back layer includes a pattern formed on an upper surface
thereof by transfer printing.

2. The sheet according to claim 1, wherein the thermal
initiator is present in an amount of 0.1 parts by weight to 10
parts by weight based on 100 parts by weight of the PLA
resin.

3. The sheet according to claim 1, wherein the cross-link-
ing monomer comprises at least one selected from among
acrylate and methacrylate monomers.

4. The sheet according to claim 1, wherein the cross-link-
ing monomer is present in an amount of'0.1 parts by weight to
10 parts by weight based on 100 parts by weight of the PLA
resin.

5. The sheet according to claim 1, wherein the biodegrad-
able resin further comprises a non-phthalate plasticizer.

6. The sheet according to claim 5, wherein the non-phtha-
late plasticizer is present in an amount of 5 parts by weight to
100 parts by weight based on 100 parts by weight of the PLA
resin.

7. The sheet according to claim 1, wherein the biodegrad-
ableresin further comprises: 0.1 parts by weight to 10 parts by
weight ofa lubricant, based on 100 parts by weight of the PLA
resin.



